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Figure 2-3. Frequency of hypersensitivity to Elspar 
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Table 2-3. Timing of allergic reaction to Elspar 
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Table 2-4. Clinical features and allergic reactions to Elspar 
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Table 2-5. Clinical features and anti-Elspar antibody status 
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Figure 2-4. Antibody levels in patients with and without clinical reactions 
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Figure 2-5. Anti-Elspar antibody level relative to the time of clinical reaction to 
Elspar 
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Table 2-6. Sensitivity, specificity and predictive values of three anti-Elspar antibody tests for predicting or 
confirming clinical reactions to Elspar 
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Figure 2-6. ROC curves of the antibody tests 
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Figure 2-7. Association between week 7 anti-Elspar antibody level and the 
proportion of patients reacting to Elspar around week 7 
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Figure 2-8. The frequency of hypersensitivity to Oncaspar and Erwinase 
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Figure 2-9. Correlation between serum asparaginase activity and antibody level 
???????????????????????????????????? ???????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????? ??????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
?????? ?
????
Figure 2-10. Ex vivo neutralization of patient sera with antibodies 
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Table 2-7. Multivariate analysis showed that low anti-Elspar antibody area-
under-curve (AUC) was a risk factor of osteonecrosis (n = 360) 
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Figure 2-11. Cumulative incidence of osteonecrosis based on anti-asparaginase 
antibody AUC 
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Figure 3-1. Dexamethasone and asparaginase treatment regimens 
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Figure 3-3. Asparaginase treatment potentiated osteonecrosis and arteriopathy in 
dexamethasone-treated mice 
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Figure 3-4. Osteonecrosis was associated with higher plasma dexamethasone and 
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Figure 4-2. Race group assignments based on the ancestral composition of 
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?????????? ????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????? ????????????????????????????????????
???????????????????????????????????????????????????????????????????
?
?
Deep sequencing of selected genes 
?
? ????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
????????????????????Table 4-2???????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????Table 4-3??????? ???????????????????????????????????????????
Appendix C??
? ?
? ?????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????? ?????????????????
??????????????????Appendix C???
?
?
?
????
Table 4-3. Putative genes associated with pancreatitis (n = 42) selected for deep sequencing based on GWAS result or 
literature review 
?
Gene Official full name Function* Source
ADAMTS18 ????? ?????????????????????
?????????????????????? ????????
????????????????? ?????
AGER ???????????????????????????
?????????????????????????
?????????????????????????????????????????????????????????
?????????????????????????????????????????????????????
?????????????????????????????????????????????????????????
????????????????????
?????
ALS2CL ???????????????????? ?????????????????????????????????????????????????????????
???????????????????????????????????????????????
?????
C11orf63 ???????????????????????????
????????
???????????????????? ?????
C12orf40 ???????????????????????????
????????
???????????????????? ?????
C9orf117 ??????????????????????????
?????????
???????????????????? ?????
CASR ???????????????????????? ????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
????????????????????????????????????
?????????????
CD52 ????????????????????????????? ????????????????????????????????????????????????????? ?????
CFTR ??????????????????????????????
?????????????????????
?????????????????????????????????????????????????????????
??????????
??????????????????
CLDN2 ????????? ??????????????? ???????????????????????????????????????????????
?????????
????????????????
CPA1 ????????????????????
????????????
??????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????
????????????????
? ? ?
????
Table 4?3. (Continued)
Gene Official full name Function* Source
CPA2 ????????????????????
????????????
??????????????????????????????????????????????????????????
????????????????????????????????????????????????????????
???????????????????????????????
?????
CTRC ?????????????? ???????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
???????????????????????????????????????????????
??????????????????
DDX49 ???????????????????????????
??????????????
??????????? ??? ??????????????????????????????? ?????
DOCK5 ?????????????????????????? ?????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
????????????????????????
?????
FHIT ??????????????????????? ?????????????????????????????????????????????????????????????
??????? ??????????
?????
GCKR ???????????????????????????
?????????
??????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
???????
?????
HOGA1 ?????????????????????????
??????????
????????????????????????????????? ????????????????????
??????????????????????????????????????????????????
?????
HSD17B2 ?????????????????????????
???????????????
??????????????????????????????????????????????????????????????
??????????????????????????????????????????????????
?????
IFNA5 ??????????????????? ????????????????????????????????????????? ?????
INMT ??????????????????
?????????????????
??????????????????????????????????????????????????????? ?????
ITFG1 ?????????????????????????????
????????????
????????????????????????????? ?????
KLHDC1 ????????????????????????? ????????????????????????????????HCFC2??????????????????????? ?????
????
Table 4?3. (Continued)
?
Gene Official full name Function* Source
LRRC39 ???????????????????????????????
??
?????????????????????????????????LRSAM1?????????????
????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????
????????????
?????
MICAL2 ???????????????????????
????????????????????????????
???????????????????????
???????? ?????????????????????????????????????????????????
???????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????
??????????
?????
MPZL3 ?????????????????????????? ?????????????????????????????????????????? ?????
NMI ??????????????????????????? ??????????????????????????????????????????????????
??????????????????????????????????????????????????????????
???????????????????????????????????????????????????????
?????
PHKB ?????????????????????????? ?????????????????????????????????????????????????????????
????????????????????????????????????????????
?????
PRSS1 ??????????????????????????????? ????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
?????????????????????????????????????
????????????????????
PRSS2 ??????????????????????????????? ???????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
?????????????????????????????????????
????????????????
RANBP10 ?????????????????????? ?????????????????????????????????????????????????????????
???????????????????????????????????????????????? ???????????
?????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
?????
RUFY4 ????????????????????
????????????
????????????????????????????????FYCO1??????????????????
??????????????????????????????? ???????? ????????????????
???????????????????????????????
?????
????
Table 4?3. (Continued)
?
Gene Official full name Function* Source
SCAMP3 ?????????????????? ????????
?????????
?????????????????? ????????????????????????????????????????????
??????????????????????????????????????????????????????????
??????????????????????????????????????????????????????
?????
SERPINA9 ??????????????????????????????????
???????????????????????????
?????????????? ???????
?????????????????????????????????????????????????????????????????
??????????
?????
SLC6A18 ?????????????????????????????????
????????????????????????????????
??
??????????????????????????????????????????????????????????
??????????????????????????????????????????????
?????
SNTG2 ??????????????????? ????????????????? ????????????????????????????????????????????
???????????????
?????
SPAG8 ?????????????????????????? ?????????????????????????????????????????? ???????????
????????????????????????????
?????
SPINK1 ??????????????????????????????????
??????
????????????????????????????????????????????????????????
?????????????????????????????????????????????????????
????????????????????
TRAP1 ????????????????????????????????
?
????????????????????????????????????? ?????
ZNF233 ??????????????????????? ????????????????????????? ??????????????????????????????????
???????????
?????
ZNF701 ??????????????????????? ????????????????????????? ??????????????????????????????????
???????????
?????
ZRANB3 ?????????????????????????
???????????????????
????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????
??????
?????
?
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
????
Statistical analysis 
?
? ??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? ????????????????????????????????????????????????
????????????????????????????????????? ?????????????????????????????????????????????
????????????????????????????????????? ??????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????
???????????????????ctree?????????????????????????party??????? ??????????????????
?
?
Results 
?
?
Pancreatitis associated with asparaginase 
?
? ???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????Figure 4-3A?????????????
?????????????????????????????????????? ??????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????
??????????????????Figure 4-3A????????????? ??????????????????????????????????????????
?????????????????????????????Figure 4-4???
?
??????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????? ???????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
???????????????
?
???????????????????????????????????????????????????????????????????????????P = ????
??????????????????????????????????????????????????????????=???????P = ????????????Figure 
4-3B ??? C????????????????????????????????????????????????????????????????????????????
????????P = ???????????????????????????????????????????????????????? ??????????????????
???????????????????
?
Clinical risk factors 
?
? ??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????Figure 4-5?????????????????
???????????????????????????????????????????????????????????????P = ?????????????????????
??????????????????????????????????????????????????????????????????????????????P = ?????????
????????????????????????????????????????????????????????????????????????????????????
??????????????????????? ??????????????????????????????????????????????????????????????
????????????????????????????????????????????????Table 4-1???????????????????????????
????
?
?
Figure 4-3. Incidence of pancreatitis differed by protocols 
??????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????E. coli????????????
???????????????????????????????????????????????????????????????????????????????
?????????????????????E. coli????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????
????
Figure 4-4. Time of pancreatitis in the cohort (n = 5185) during the first year of therapy 
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????? ?????????????????????????????????????????????????????????????
????????????? ????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????
?
????
?
?
????
?
?
?
Figure 4-5. The incidence of pancreatitis based on clinical characteristics 
*??????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
??????????? ?????????????????????????????????????????????????????????????????
?
? ?
????
??????????????????????????????????P = ????????????????????????????????????????
?????????????????????????????? ???????????? ??????Table 4-4??????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????
?????????????????Figure 4-6????????????????????????????????????????????????????????????
??????????????????????????????????????????Table 4-1?????????????????????????????????????????
?????????????????????????????????????????????E.coli ??????????????????????????????????
????????????????????????????????????????????????????????????
?
??????????????????????????????????????????????????????????????????????????????
????????????Figure 4-7?????????????????????????????????? ?????????????????????????????????
?????????????????????????????????????????????????? ??????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????? P = ??????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
???????????????????????P = ??????????????
?
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????
?
?
Gene-level analysis of nonsense variants identified CPA2
?
? ????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????P??????????????????????????????????????????????????????????
???????????????????????????Table 4-5??????????????????CPA2?????????????????????????
??????????????????????????????????????????????P = ????????????????????????????
??????????????????????????????????????????????????????????????????????????Figure 4-8A???
?????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????Figure 4-8B?????????????????????????????
???????????????????????????????????????????????????????
?
?
GWAS of common SNPs 
?
? ????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????? ???????????
FHIT ????????????P = ??????????????????????????P = ??????????????????????????????
???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????DOCK5??ACTN2??????MICAL2 ?Table
4-6???????????????????????????????????????????????????????????????????????????????
????????????????????????????????????P????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????? ??????????????
????????????????????????????????????????????????Appendix C??Tables C-1, C-2 ???
C-3???
? ?
????
Table 4-4. Multivariate analysis for clinical risk of pancreatitis in the cohort 
study (n = 5185) 
?
Patient characteristics? P Odds ratio (95% CI)?
??????? ???????????????????????? ????????
??
? ????????????????
???????????? ????????
??
? ????????????????
?????????? ??????????§? ????????
??
? ????????????????
???????????????????????? ?????? ????????????????
???????E.coli ????????? ????? ????????????????
??????????????? ??? ????? ????????????????
?????????????????????? ????? ????????????????
???????????? ????? ????????????????
?
????????????????????????????????????????????????????????????????????????????????? ??????
??????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
???????????????????§?????????????????????????E.coli ??????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
? ?
????
?
?
?
Figure 4-6. Association between Native American ancestry and pancreatitis 
???????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????? ??????
? ?
????
?
?
?
Figure 4-7. CART analysis of clinical risk factors for pancreatitis in the cohort (n 
= 5185)
??????????????????????????????? ??????????????????????????????????????????????????????
?????????????????????????
????
Table 4-5. Six genes associated with pancreatitis from the gene-level analysis of nonsense SNPs 
?
? ? ? ? Cohort (n = 3256) Case-control (n = 213)
Gene? Chr? Nonsense
SNPs
(major 
allele/risk 
allele)?
Population 
RAF%
(n)a
CADD
score?
RAF% 
in 
patients 
with AP
(n = 95)?
RAF% in 
patients 
without 
AP
(n = 3161)?
Coeff-
icientc
(SE)?
Pc RAF% 
in 
cases
(n =71)?
RAF% 
in 
controls
(n =142)?
Coeff-
icientd
(SE)?
Pd? PPV/
NPVe
(n = 
3256)
CPA2 ?? ????????????
??????
??????????? ?????? ???? ?? ????
??????
????????? ? ???? ?? ?????
??????
????? ???????????
SERPINA9 ??? ???????????
??????
?????????? ?????? ???? ???? ????
??????
?????? ? ???? ?? ?????
??????
????? ??????????
HSD17B2 ??? ???????????
??????
??????????? ?????? ???? ????
?
????
??????
?????? ? ???? ?? ?????
??????
?????? ??????????
????????????
??????
?????????? ?????? ???? ?? ? ?? ?? ?????????
GCKR ?? ????????????
??????
??????????? ?????? ???? ???? ????
??????
?????? ? ???? ?? ?????
??????
????? ??????????
ZNF233 ??? ????????????
??????
??????????? ????? ???? ???? ????
??????
?????? ? ???? ?? ?????
??????
????? ??????????
????????????
??????
??????????? ????? ???? ???? ? ?? ?? ??????????
SLC6A18 ?? ????????????
??????
?????????? ?????? ???? ????? ????
??????
?????? ? ?? ?? ?????
??????
????? ??????????
????????????
??????
?????????? ?????? ?? ????? ? ? ? ???? ?? ? ? ??????????
?
?
?
?
?
?
?
????
Table 4-5. (Continued)
?
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????? ????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ???????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
?
????
?
Figure 4-8. Nonsense SNP rs199695765 in CPA2 associated with pancreatitis 
?????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
??????? ?????????????????????????????????????????????????????????????????????????????
????????????????CPA2????????????? ???????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
??????????????????P = ?????????????????????????????????????????????????????
????
Table 4-6. Top 20 common SNPs (cohort risk allele frequency > 1%) significantly associated with pancreatitis in the 
cohort 
?
? ? ? ? Cohort
(n = 5185)?
?? Case-control
(n = 213)?
??Cohort RAF vs race
(n = 5185)?
SNP Gene Chr Location? Major 
allele/
risk 
allele
RAF% in 
patients 
with AP
(n = 117)
RAF% in 
patients 
without AP
(n = 5068)
Coeff-
icientb
(SE)
P? ? RAF% 
in cases
(n = 71)
RAF% in 
controls
(n = 142)
Coeff-
icientc
(SE)
P? Hispanic 
?Black
(n = 1527)
White 
?Asian
(n = 3168)
?????????? FHIT ?? ????????? ???? ???? ???? ?????????? ????????? ? ???? ?? ?????????? ????? ? ????? ?????
??????????? ??? ????????? ???? ???? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ???? ????
??????????? ?? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ???? ????
?????????? DOCK5 ?? ????????? ???? ???? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ????? ?????
?????????? ACTN2 ?? ?????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ?????? ?????
??????????? ITFG1 ??? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ????? ?????
??????????? ??? ????????? ???? ???? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ???? ????
???????????AGPAT4 ?? ?????????? ???? ????? ????? ?????????? ????????? ? ????? ????? ?????????? ????? ? ?????? ?????
?????????? FHIT ?? ????????? ???? ???? ???? ?????????? ????????? ? ???? ?? ?????????? ????? ? ????? ?????
?????????? ??? ????????? ???? ????? ????? ?????????? ????????? ? ????? ???? ?????????? ????? ? ?????? ?????
??????????? ITFG1 ??? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ????? ?????
?????????? MICAL2 ??? ????????? ???? ????? ????? ?????????? ????????? ? ????? ????? ?????????? ????? ? ?????? ??????
???????????AGPAT4 ?? ?????????? ???? ????? ????? ?????????? ????????? ? ????? ????? ?????????? ????? ? ?????? ?????
??????????? ??? ???????? ???? ????? ????? ?????????? ????????? ? ????? ???? ?????????? ????? ? ?????? ??????
??????????? ??? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ???? ????
?????????? MICAL2 ??? ????????? ???? ????? ????? ?????????? ????????? ? ????? ????? ?????????? ??????? ?????? ??????
?????????? ACTN2 ?? ?????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ?????? ?????
??????????? PHKB ??? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ????? ?????
???????????DOCK5 ?? ????????? ???? ????? ???? ?????????? ????????? ? ???? ???? ?????????? ????? ? ?????? ?????
???????????MICAL2 ??? ????????? ???? ????? ????? ?????????? ????????? ? ????? ????? ?????????? ????? ? ?????? ??????
????
Table 4-6. (Continued)
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????? ???????????????????????????????????????????????????????????????P???
?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????? ??????
?????????????????????????????????????????????????????????????????????????????????? ?????????????????????????????????
??????????????????????????????????????????
?
?
????
Deep sequencing detected novel variants in CPA2 and other candidate genes 
?
? ?????????????????????????????????????????????????????????????????????????????a
priori???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????PRSS1??PRSS2??
SPINK1??CFTR??CASR??CTRC??CPA1??CLDN2??Table 4-3????
?
? ???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????CPA2????????????????
??????????????????????????????????????????????????????????????????????????????Appendix 
C??Table C-4???????????CPA2???????????????????????P???????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? ?????????????????????????????????????????????
??????CPA2????????????????????????????????????????????????????????????
??????????????????????????????????????????CPA2??????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
P = ??????????????????????????????????????????????Figure 4-8B????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????P = ?????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????Table
4-5???
?
? ????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
Appendix C??Table C-5???????????????????????????????????????????????????????????????P?
?????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
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Table A-1. Comparison between antibody OD readings obtained at SJCRH (n = 1539) and UTHSC (n = 665) 
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Figure A-1. Anti-Elspar OD readings obtained at SJCRH (n = 1539) and UTHSC 
(n = 665) relative to the time of clinical reaction 
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Figure A-2. Fitted curves for (A) anti-Elspar, (B) anti-Erwinase and (C) anti-
Oncaspar OD readings of the samples (n = 194) measured at both SJCRH and 
UTHSC 
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Figure A-2. (Continued) 
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Figure A-3. UTHSC OD readings before and after normalization 
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Figure A-4. Determination of AUC threshold 
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Table A-2. Sensitivity, specificity and predictive values of anti-Elspar antibody test at week 7 for predicting or confirming 
clinical reactions to Elspar using current positivity cutoff and optimized cutoff by recursive partitioning 
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Risk arm N of 
patients
Time of 
Ab test
Time of 
Rxn
Time between 
test and rxn
(weeks)
Cutoff OD 
value
Sensitivity
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Specificity
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PPV
(%)
NPV
(%)
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Figure A-5. Week-7 optimal threshold of OD value to predict or to confirm 
clinical reactions 
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Figure A-6. Elspar has stronger cross-reactivity with Oncaspar than with 
Erwinase 
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Figure A-7. Sensitivity of antibody tests within 30 days of reactions 
????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
?????
APPENDIX B. SUPPLEMENTARY INFORMATION FOR CHAPTER 3 
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Mouse Model of Dexamethasone-induced Osteonecrosis 
?
??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????? ??????????????????????????????????????
?????????????????????????????????????????????? ????????????????????????????????????
????????????????????????????????????????????? ???????????????????????????????????????????
????????????????????????????????????????????
?
?
Methods 
?
?
 Chemicals 
?
? ???????????????????????????????????????????????????????????????????????
????????????????????????????????? ?????????????????????????????????????????????????
?????????????????????????????????????????????????????????? ?????????????????????????
?????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? ???????????????????? ????
?
?
 Animals 
?
???????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
???????????? ??????????????????????? ??????????????????????????????????????????
?????????????????????????????????? ?????????????????????????????????????????????????
???????? ????????????? ????????????????? ??????????????????????????????????????
??????????????????????????????????????????????????????? ??????????????????????????
????????????????????????? ???????????????????????????????????????????????????? ??????
?
?????????????????????????????????????????????????????????????????????? ?????????
?????????????????????????????????????????????????????????????? ?????????????????????
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????? ??????????????????????????????????????????????
???????????????????????????????????? ?????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
????????????????? ?????????????????????????????????????????????????????????????
???????????????????????????????????????????????? ????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????
?????????????? ????????????????? ??????????????? ????? ??????????????????????????????
????????????????????????????????????????????????????????????? ????????????????????????
????????????????????????????????????????Mycoplasma pulmonis??????????????
?????
???????????????????????? ????????????????????????????????????????????????????????????????
????????????????????????????????????????? ?????????????????????????????????????
?????????????????????????????? ???????????????????????????????????????????????
?????????????????????????????????????????
?
?
 Treatments 
?
???????????????????????????????????????????????????????????????????????????????
???????????????? ?????????????????????????????????????????????????? ???????????????????
?????????? ????????????????????????????????? ?????????????????? ??????????????????
??????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
????????????????
?
????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????? ???????????????????????????
???????????????????????????????????????????????????????????????????????????????????? ????
??????????????????????????????????????????????????????????????????????????????????????
??????????????????????? ??????????????????????????????????????????????????????????????
???????????????????????????????????????????
?
?
 Enteric and blood cultures 
?
??????????????????????????????????????????????? ???????????????????????????????
????????????????????????????????????????????????????????????????????????? ????????
???????????????????????????????????????????????????????????????????????????????????
???????????????
?
?
 Measurement of plasma concentration of dexamethasone and corticosterone 
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 Effect of substrain, source, age and treatment regimens on survival and 
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Figure B-1. Body weight of mice before and after treatment 
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Figure B-2. Incidence of osteonecrosis increased with longer treatment duration 
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Figure B-3. Similar histologic appearance of osteonecrosis in mice of different 
substrain, age and treatment groups 
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Table B-1. Incidence of ON in male BALB/c mice from different experiments 
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Figure B-4. Survival differed by substrains, sources, regimens and age of mice 
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Table B-2. Enteric culture isolates from BALB/cJ mice from vendor and in-house breeding colony 
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Figure B-5. Plasma concentrations of dexamethasone 
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Figure B-6. Inverse association between plasma corticosterone and 
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Figure B-7. Gender-dependent differences in susceptibility to osteonecrosis 
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Effect of Asparaginase Treatment on Dexamethasone Pharmacokinetics 
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Figure B-8. Plasma dexamethasone concentration was positively associated with 
asparaginase activity in osteonecrosis experiment 
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Effect of asparaginase and dexamethasone on plasma protein and lipid levels 
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Figure B-9. Mouse plasma amylase level after treatment with dexamethasone and 
asparaginase  
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Figure B-10. Mouse plasma lipase level after treatment with dexamethasone and 
asparaginase 
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Figure B-11. Mouse plasma triglyceride level after treatment with dexamethasone 
and asparaginase 
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Figure B-12. Mouse plasma albumin level after treatment with dexamethasone and 
asparaginase 
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Figure B-13. Mouse plasma cortisol level after treatment with dexamethasone and 
asparaginase 
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Table B-3. Inhibition of plasma protein level in human and mouse by asparaginase treatment 
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Table B-3. (Continued)
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Figure B-14. Correlation between asparagine content in the protein and theextent 
of inhibition by asparaginase treatment 
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Deep Sequencing of Selected Genes 
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Figure C-1. CADD score in all SNPs on exome array (n = 162586) and pancreatitis-associated SNPs (P < 0.05; n = 
8018) 
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Table C-1. Top 10 SNPs from genome-wide analysis of nonsense SNPs; n = 2,357 SNPs 
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Cohort (n = 3256) a Case/control (n = 213)
SNP Gene Chr Location? Major 
allele/
risk 
allele
Population
RAF% (n)b
RAF% in 
patients 
with AP
(n = 95)
RAF% in 
patients 
without AP
(n = 3161)
Coeff-
icientc
Pc RAF% 
in cases
(n = 71)
RAF% 
in 
controls
(n = 142)
Coeff-
icientd
Pd
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Table C-2. Top 10 SNPs from genome-wide analysis of missense SNPs (excluding nonsense SNPs); n = 144,349 SNPs 
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SNP Gene Chr Location? Major 
allele/
risk 
allele
Population
RAF% (n)b
RAF% in 
patients 
with AP
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RAF% in 
patients 
without AP
(n = 3161)
Coeff-
icientc
Pc RAF% 
in cases
(n = 71)
RAF% 
in 
controls
(n = 142)
Coeff-
icientd
Pd
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Table C-3. Top 10 SNPs from genome-wide analysis of synonymous and non-coding SNPs; n = 774,238 SNPs 
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Cohort (n = 3256) a Case/ctrl (n = 213)
SNP Gene Chr Location? FunctionMajor 
allele/
risk 
allele
Popu-
lation
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(n)b
RAF% 
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patients 
with AP
(n = 95)
RAF% in 
patients 
without 
AP
(n = 3161)
Coeff-
icientc
Pc RAF% 
in 
cases
(n = 
71)
RAF% 
in 
controls
(n = 
142)
Coeff-
icientd
Pd
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Table C-4. All 380 CPA2 variants identified in the cohort (n = 4217) and the case-control group (n = 162) 
?
Cohort (n = 4217) Case-control (n = 162)
Chr:Loca RSID Loca-
tion
Function MAF% in 
patients 
with AP
(n = 97)
MAF% in 
patients
without 
AP
(n = 3220)
Coeff-
icientb
Pb MAF% 
in cases
(n = 47)
MAF% in 
controls
(n = 115)
Coeff-
icientc
Pc
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Table C-5. Top genes (P < 0.05) in the gene-level analysis of nonsense variants identified in putative pancreatitis (n = 
42) and non-pancreatitis genes (n = 241) based on variants identified by deep sequencing 
?
Ranka Gene N of SNPsb Cohort SKAT P
(n = 4217)
Case-control SKAT P
(n = 162)
Pancreatitis-associatedc
?? HOGA1 ?? ??????????? ?? ????
?? CPA2 ?? ??????????? ????? ????
?? ZNF233 ?? ?????????? ????? ????
?? C9orf117 ?? ?????????? ?? ????
?? LRRC39 ?? ?????????? ?? ????
?? XDH ?? ?????????? ?? ???
?? XRCC1 ?? ?????????? ?? ???
?? IFNA5 ?? ?????????? ?? ????
?? QPCT ?? ?????????? ????? ???
??? C11orf63 ?? ?????????? ?? ????
??? ZRANB3 ?? ?????????? ?? ????
??? C12orf40 ?? ?????????? ?? ????
??? DDX49 ?? ?????????? ????? ????
??? GCKR ?? ?????????? ????? ????
??? SNTG2 ?? ?????????? ?? ????
??? RUFY4 ?? ?????????? ?? ????
??? MPZL3 ?? ?????????? ?? ????
??? DAPL1 ?? ?????????? ?? ???
??? ALS2CL ?? ?????????? ?? ????
??? CENPQ ?? ?????????? ????? ???
??? NMI ?? ?????????? ?? ????
?
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????? ?
?????
?
?
Figure C-2. Top pathways and functions of pancreatitis-associated genes (n = 42) 
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Figure C-3. Top pathways and functions of pancreatitis-associated genes identified by 
GWAS (n = 34) 
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Table C-6. SNPs (n = 81) identified by deep sequencing in previously reported pancreatitis-associated candidate 
genes (n = 8) at the P < 0.05 level (highlighted) in either the cohort or the case-control group 
?
Cohort (n = 4217) Case-control (n = 162)
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in
patients 
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AP
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MAF% 
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patients 
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AP
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Coeff-
icientc
Pc MAF% 
in cases
(n = 
47)
MAF% 
in con-
trols
(n =
115)
Coeff-
icientd
Pd Dire-
ctione
CTRC???????
???????
??????????? ? ????????? ???? ????? ????? ?????? ?????????? ? ????? ????? ??? ??? ???
??????????? ? ????????? ???? ????? ????? ?????? ?????????? ? ????? ????? ??? ??? ???
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???????????? ???????????? ????????? ???? ????? ????? ?????? ?????????? ? ????? ????? ??? ??? ???
SPINK1???????????
???????
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?
?
?????
Table C-6. (Continued)
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